I. Introduction
===============

The temporomandibular joint (TMJ) is the only joint in head and neck and hinges the mandible to the temporal bone of the skull. The TMJ is in near constant motion for swallowing, talking, yawning, and breathing and is one of the most frequently used joints in the body. The TMJ is a very delicate joint in structure and function^[@ref1]-[@ref3]^. Importantly, TMJ has an articular disc, a fibrocartilage tissue that runs between the fossa of the temporal bone above and the condyle of the mandible below. Because the TMJ disc provides a low friction surface and allows smooth articulation, displacement of the disc can result in joint noise, trismus, pain, or discomfort in the TMJ^[@ref4]-[@ref6]^. Combined dysfunction of the TMJ is defined as temporomandibular joint disorder (TMD) and comprises two major symptoms, TMJ pain and physical dysfunction including mouth opening limitation^[@ref1]-[@ref3]^.

Direct and indirect head trauma can affect TMJ, and fractures in the mandibular condyle especially have been considered as an etiology of chronic TMD^[@ref7]-[@ref12]^. Joint injuries frequently lead to progressive joint degeneration that causes articular disc dislocation, synovitis, and osteoarthritis^[@ref13],[@ref14]^. As osteoarthritis is the final stage of arthropathy, post-traumatic arthritis (PTA) is defined as a condition triggered by acute joint trauma that can lead to osteoarthritis or chronic inflammatory arthropathies^[@ref13],[@ref14]^. Pathologic mechanisms of PTA have been well described especially in the knee joint and symptoms include swelling, synovial effusion, pain, and sometimes intra-articular bleeding^[@ref15]-[@ref17]^. Usually, PTA recovers spontaneously, but persistence of symptoms after 6 months may be considered pathological and so-called chronic PTA^[@ref13],[@ref14],[@ref18]^.

A variety of molecular, mechanobiological, and cellular events involved in the pathogenesis and progression of PTA have been identified. Activation of inflammatory mechanisms including proinflammatory cytokine production during the acute phase of PTA plays a critical role in chronic disease onset^[@ref13],[@ref19]^. Human studies and experimental models have revealed that a series of inflammatory mediators is released in synovial fluid immediately after joint trauma^[@ref17],[@ref20]-[@ref23]^. These molecules have been proposed as markers of disease and as a potential target for specific and preventative interventions. However, chronic PTA cannot be prevented currently, although large numbers of agents have been tested in preclinical studies^[@ref18],[@ref24]-[@ref26]^.

Although PTA has been studied in many joints such as knee, elbow, ankle, and finger, PTA in TMJ has never been clearly defined. TMD arises after head and neck trauma even without direct mandibular fracture, and TMJ pain and dysfunction occur after head and neck trauma^[@ref27]-[@ref31]^. However, PTA in TMJ has not been familiar to clinicians, and the exact incidence and long-term consequences as well as a definitive treatment are not available.

In this study, patients experiencing indirect trauma history in the head and neck without jaw fracture and who developed TMD symptoms are retrospectively studied. Those patients complained of pain, mouth opening limitation, chewing difficulties, malocclusion, or joint noise combined with TMJ disc derangement without reduction or joint arthritis, as verified on computed tomography (CT) or magnetic resonance imaging (MRI). To decrease patient discomfort, arthrocentesis and lavage with or without conservative therapy were performed, and efficacy of the treatments was investigated for possible guidelines for treatment of PTA in TMJ.

II. Materials and Methods
=========================

1. Patients and chart review
----------------------------

A total of 20 patients diagnosed with TMD at the Department of Oral and Maxillofacial Surgery at Seoul National University Dental Hospital, Seoul, South Korea, during May 2018 to April 2020 was included in this study. This study was approved by the Seoul National University Dental Hospital Institutional Review Board (IRB approval No. ERI19015). Inclusion criteria were (1) exposure to well-defined recent or previous head and neck trauma; (2) clinical signs and symptoms corresponding to TMD, such as mouth opening limitation, deviation of mouth opening path, joint and muscle pain, headache, and joint noise; (3) and underwent TMJ CT or MRI. Exclusion criteria were (1) history of any TMJ surgery and (2) previous jaw fracture due to trauma including the maxilla or mandible.

For selected patients, etiology, date of trauma, patient age, date of first visit to the TMJ clinic, and TMD symptoms were retrospectively investigated by chart review. Disc derangement was diagnosed by MRI, and existence of osteoarthritis was diagnosed by TMJ radiographs and CT scan. Amount of maximal mouth opening (MMO, mm) was measured, and score of numerical rating scale (NRS; 0: no pain, 10: maximal pain) was recorded for pain at every patient visit.

2. Arthrocentesis and lavage
----------------------------

Arthrocentesis and lavage were performed in patients as the first choice of treatment by one oral and maxillofacial surgeon with or without conservative therapy. Conservative therapy included physical and occlusal stabilizing splint therapy provided at the department of oral medicine at the same hospital. The specific techniques of arthrocentesis and lavage were as previously published[@ref32]. Briefly summarized, the ear and preauricular skin over the TMJ were prepared with topical antiseptic solution. Two injection points were marked over the articular fossa and eminence, 1 and 2 cm in front of the tragus along the canthal-tragus line. The auriculotemporal nerve was blocked with local anesthetics, and a 21-gauge needle with 10 mL syringe (BD Biosciences, San Jose, CA, USA) was introduced into the superior joint space. Approximately 2 mL of sterile normal saline solution was injected to distend the superior joint space. Occasionally, a second 21-gauge needle was inserted when the resistance of intra-joint space pressure was high. A total of 30-50 mL of normal saline was used for lavage. Patient mandibles were manipulated by the surgeon in a vertical direction for joint space enlargement. Then, 1 mL of steroid (Dexamethasone 5 mg; Daewon Pharmaceutical, Seoul, Korea) or 1-1.5 mL of sodium hyaluronate (Hanmi Pharmaceutical, Seoul, Korea) was injected into the joint space after lavage. Medication injection was followed by the authors's own protocol. Corticosteroid was used primarily for the first and second visits when synovial fluid was inflamed, while at the third visit and thereafter when the synovial fluid became clear, sodium hyaluronate was injected.

3. Statistical analyses
-----------------------

The age distribution was evaluated and passed the normality test by the one-sample Kolmogorov--Smirnov test. Differences in treatment outcomes before and after treatments were assessed using the Wilcoxon signed rank test. Changes in MMO and pain scales were compared between the two groups by Mann--Whitney test. All reported P-values were based on 2-sided tests, and statistical significance was marked as \**P*\<0.01, \*\**P*\<0.05, \*\*\**P*\<0.001, or not significant. Statistical analyses were performed with GraphPad Prism 8.2.1 (GraphPad Software, San Diego, CA, USA).

III. Results
============

1. Clinical aspects of PTA in TMJ
---------------------------------

The ages of the 20 patients varied widely between 20 and 80 years, and mean age was 48.7 years.([Fig. 1. A](#F1){ref-type="fig"}; left panel) The age distribution passed the normality test (α\>0.05) by the one-sample Kolmogorov--Smirnov test (*P*\>0.1), indicating no age prevalence in PTA development among the 20 patients included in this study.([Fig. 1. A](#F1){ref-type="fig"}; right panel) Interestingly, there was no skew in sex ratio (male=9, female=11) ([Fig. 1. B](#F1){ref-type="fig"}), which is a conflicting result compared to general TMD development, where female patients show two times greater risk than male patients[@ref33]. The causes of trauma were diverse, as traffic accident (n=6), assault (n=3), hit by materials (n=3), and fall-down (n=8). All causes had similar frequencies.([Fig. 1. C](#F1){ref-type="fig"})

While collecting patient history, the author surgeons noticed that patients with head and neck trauma without direct jaw fractures easily ignored their initial TMJ symptoms such as mild preauricular pain and mouth opening limitation and often did not seek medical attention. However, they had to seek doctors at later time points but the TMD progressed into chronic stage or irreversible osteoarthritis. Therefore, the authors wondered about the duration of disease onset for PTA in TMJ patients and, specifically, at which point the TMD symptoms increased and were reported to a doctor. To answer these questions, duration after trauma was measured. The average was 508 post-trauma days since the trauma until first visit to the clinic.([Fig. 2. A](#F2){ref-type="fig"}) In addition, 85.0% of the patients (17 of 20) sought clinic visit within 2 years after trauma.([Fig. 2. B](#F2){ref-type="fig"})

2. Diagnosis of TMJ arthritis in PTA patients
---------------------------------------------

TMJ MRI showed TMJ disc derangement without reduction in 85.0% of the patients (17 out of 20), 5 of whom showed derangement at both sides.([Fig. 3](#F3){ref-type="fig"}) Further, 40.0% of the patients (8 of 20) suffered osteoarthritis at the traumatized side of the TMJ, 2 of whom had bilateral osteoarthritis. Only 2 patients were diagnosed with disc derangement with reduction. One patient was clinically diagnosed with fibrous ankylosis of both TMJs, with symptoms of mouth opening limitation and chewing difficulty without evidence of disc derangement on CT and MRI.([Fig. 3](#F3){ref-type="fig"})

3. Treatment efficacy of joint arthrocentesis and lavage in PTA patients
------------------------------------------------------------------------

All patients received joint arthrocentesis or lavage with or without conservative therapy.([Fig. 4. A](#F4){ref-type="fig"}) After arthrocentesis or lavage, improvement of MMO was statistically significant (28-44 mm on average, *P*\<0.001) ([Fig. 4. B](#F4){ref-type="fig"}), and there was a dramatic reduction of pain scale (7.8-3.5 of 10, *P*\<0.001).([Fig. 4. C](#F4){ref-type="fig"})

To develop a standard protocol of joint arthrocentesis for PTA patients in clinics, the authors wanted to know the numbers of performances and days of lavage which are required to resolve limited mouth opening and pain. Mechanistically, numbers of treatment days and visits until mouth opening reached 40 mm were calculated. The results were an average of 153 days (standard error \[SE\], ±35 days) and 3.2 rounds (SE, ±0.4 rounds) of arthrocentesis to reach 40 mm of MMO.([Fig. 5. A, 5. B](#F5){ref-type="fig"})

The authors' next question was whether concomitant conservative therapy can increase the efficacy of lavage for PTA patients. Conservative therapy consists of physical therapy, e.g., moist hot pack, ultrasound, massage, and occlusal stabilizing splint therapy, and 8 of 20 patients were treated concomitantly with joint lavage.([Fig. 4. A](#F4){ref-type="fig"}) From a pathophysiological viewpoint, PTA develops initially as acute joint inflammation due to trauma, and such pathological progress can be reversed by resolution of inflammation by lavage without conservative therapy. To verify this, changes in MMO and pain scales were compared between a lavage only group and a lavage with conservative therapy group. Concomitant conservative therapy showed no statistically significant difference in treatment outcome in PTA patients.([Fig. 5. C](#F5){ref-type="fig"})

IV. Discussion
==============

TMJ is the only joint where 2 separate joints being connected in a bone (mandible) and should move properly with coordination. However, imbalance of any part of the joint can cause deterioration and result in disease states of one or both sides of joint. Head and neck trauma can deteriorate TMJ balance, and trauma with jaw fracture is an etiology of chronic TMD^[@ref8],[@ref12],[@ref29],[@ref34],[@ref35]^. The exact incidence of TMD after trauma and long-term consequences of TMD have not been well supported with evidence. A meta-analytic observational study based on literature review found that TMJ imbalance with joint clicking was reported in 15.9% of patients undergoing closed treatment, whereas patients treated by open reduction showed 10.3% incidence^[@ref34]^. A retrospective study in 2014 reported that condylar fracture associated with concomitant angle/body fracture showed a high incidence of TMD issues^[@ref36]^. Because of lack of systematic evidence-based studies with long-term follow-up and complex etiology, it is difficult to ascertain the details of the cause-effect relationship of mandibular trauma and TMD.

Despite of the ambiguity and complexity of post-traumatic TMD, patients who experienced recent or old head and neck trauma even without direct jaw fracture often report to clinics with complaint of discomfort such as preauricular pain and mouth opening limitation. Interestingly, whiplash neck trauma induced by rapid back-and-forth movement of the neck has association with TMD^[@ref28],[@ref31],[@ref35],[@ref37]^. This implies that TMD can result from indirect head and neck trauma.

In the pathophysiology of post-traumatic arthritis, PTA is well known in knee, elbow, and ankle joints^[@ref14],[@ref15],[@ref24],[@ref38]^. PTA accounts for about 12% of all osteoarthritis cases in orthopedic clinics, and a history of physical trauma may also be found in patients with chronic inflammatory arthritis in knees^[@ref38]^. The acute symptoms following joint trauma include swelling, synovial effusion, severe pain, and occasional intra-joint bleeding. Usually, PTA recovers spontaneously in 2-3 months^[@ref13]^. Persistence of symptoms after this period deserve attention; a duration of 6 months or longer may be considered pathological and so-called chronic PTA. Chronic PTA represents an inflammatory condition that persists over time after a joint trauma. The most frequent chronic PTA is post-traumatic osteoarthritis (PTOA)^[@ref13],[@ref16],[@ref38],[@ref39]^.

Joint tissue injury can lead to increase of both matrix molecules and complement components released into the synovial fluid. Some matrix molecules may act as Toll-like receptor (TLR) agonists, while others can activate the complement cascade. Both can activate secretion of pro-inflammatory cytokines and chemokine production from synovial membrane cells, which can promote cellular infiltration, the hallmark of synovitis^[@ref19],[@ref39],[@ref40]^. This molecular and cellular inflammation can potentiate cartilage erosion via production of enzymatic mediators of matrix degradation. There is a substantial body of evidence from multiple sources demonstrating a relationship between synovitis and symptoms such as pain, swelling, and joint dysfunction in knee osteoarthritis patients. Evidence from a smaller number of arthroscopic and imaging studies suggests that the presence of synovitis may be associated with faster rate of cartilage erosion in osteoarthritis. Although not yet demonstrated in patients, additional studies of animal models suggest that synovial macrophages, increased in synovitis, may be involved in osteophyte formation in osteoarthritis^[@ref20],[@ref41]-[@ref43]^.

To eliminate inflamed synovial fluid, arthrocentesis and lavage were chosen as the primary treatment option in this study. After arthrocentesis, among the various medications available, sodium hyaluronate and corticosteroids were used in this study. The anti-inflammatory effects of intra-articular corticosteroids on synovial tissues have been well documented, and these drugs are useful for reducing pain and dysfunction in patients with inflammatory diseases of the joints. However, side effects of intra-articular injection of corticosteroids such as destruction of cartilage and progression of joint disease also have been reported. Therefore, dexamethasone was injected only at the first and second lavage, especially for pain alleviation and anti-inflammation^[@ref44],[@ref45]^. To achieve a longterm effect of joint lubrication, sodium hyaluronate was used as intra-joint injection medication starting at the third lavage. Sodium hyaluronate is the sodium salt of hyaluronic acid, which is a polysaccharide of the glycosaminoglycans family, found in many extracellular tissues, including synovial fluid and cartilage. Intra-articular injection of sodium hyaluronate was reported to offer consistent benefit for at least 6 months, primarily in patients with disc displacement with reduction, and this was attributed to the mechanical effect of this medication^[@ref45]-[@ref47]^.

The authors of the present study aimed to elucidate the clinical aspects of PTA developed in TMJ. Although the study was investigated in a retrospective manner with a limited number of chart reviews, several interesting findings about PTA in TMJ were noted. First, PTA in TMJ can develop regardless of age and sex of the patients and is caused by various types of head and neck trauma, different from the general characteristics of TMD, which shows female predominance. Secondly, most patients report to a TMJ clinic within 2 years after trauma with a complaint of PTA. This is important information for clinicians because head and neck trauma patients might require recall-checks until 2 years, even in patients with asymptomatic TMJ. Thirdly, we chose joint lavage as the first-line treatment option to resolve soluble pro-inflammatory cytokines and eliminate inflamed synovial fluid. Efficacy of lavage in PTA was high in improvement of mouth opening and reduction of pain, in an average of 5 months, with more than 3 lavage treatments needed to recover mouth opening by 40 mm. Lastly, concomitant conservative therapy may be adjunctive to joint lavage of arthrocentesis, although it is not essential to treat PTA in TMJ.

V. Conclusion
=============

The results of this study clarify the disease identity of PTA in TMJ and provide data to suggest possible treatment guidelines and options to manage PTA in TMJ in clinics. Despite this essential information from the study, a case controlled prospective study with larger number of clinical cases of PTA in TMJ is necessary to answer many important questions, such as the incidence of PTA in TMJ among head and neck trauma patients. Inversely, clinicians do not know the frequency of TMD due to head and neck trauma or the best treatment option for those PTA patients. Those answers will be cornerstones for future TMJ studies.
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![Clinical aspects of post-traumatic arthritis in temporomandibular joint. A. Age distribution of the 20 patients. Mean age was 48.7 years (thick bar in the middle) with standard error of 4.6 years (left panel). The age distribution passed the normality test (α\>0.05) by the one-sample Kolmogorov--Smirnov test (*P*\>0.1), and the normal distribution is shown in a QQ plot on the right panel. B. Sex distribution of the patients (male=9, female=11). C. The causes of trauma of the 20 patients were diverse, as comprising traffic accident (n=6), assault (n=3), hit by materials (n=3), and fall down (n=8).](jkaoms-46-174-f1){#F1}

![Onset of post-traumatic arthritis (PTA) in temporomandibular joint (TMJ). A. When a PTA patient reports to a clinic with TMJ discomfort, the time since initial trauma should be measured. Days after trauma was calculated as the duration between initial trauma and the patient's first visit to the clinic and is was marked with a triangle in the bar graph. The average "days after trauma" was 508 days, with a standard error of 112 days. B. The bar graphs show the number of PTA patients reporting to the TMJ clinic during the 1st (n=8), 2nd (n=9), or 3rd (n=3) year after initial trauma. In total, 85.0% of the patients (17 of 20) sought help within 2 years after trauma.](jkaoms-46-174-f2){#F2}

![Diagnosis of temporomandibular joint (TMJ) arthritis in post-traumatic arthritis patients by computed tomography or magnetic resonance imaging (MRI). TMJ MRI showed TMJ disc derangement without reduction (DD w/o reduction) in 85% of the patients (17 of 20), 5 of whom showed derangement at both sides. Eight patients suffered degenerative joint disease (DJD) such as osteoarthritis at the traumatized side of the TMJ, 2 of which had osteoarthritis at both sides. Only 2 patients were diagnosed with disc derangement with reduction (DD w/ reduction).](jkaoms-46-174-f3){#F3}

![Treatment efficacy of temporomandibular joint arthrocentesis and lavage in post-traumatic arthritis patients. A. All patients received joint arthrocentesis or lavage with (n=8) or without (n=12) conservative therapy. B. After arthrocentesis or lavage, improvement of maximal mouth opening (MMO) was statistically significant (28-44 mm in average, \*\*\**P*\<0.001, left panel). The dot plot shows amount of MMO at pre- or post-treatment visit. Thick black bar shows the average and standard error of 20 patients. Pre- and post-lavage MMOs in the same patient were connected as paired data (right panel). C. Pain scale was dramatically reduced from 7.8 to 3.5 of 10 (\*\*\**P*\<0.001). The dot plot shows the pain scale at pre- or post-treatment visit. Thick black bar shows average and standard error of 20 patients. The pain scales at pre- and post-lavage in the same patient were connected as paired data (right panel). Differences in treatment outcomes before and after treatments were assessed using the Wilcoxon signed rank test. All reported P-values were based on two-sided tests, and statistical significance was shown as \*\*\**P*\<0.001.](jkaoms-46-174-f4){#F4}

![Recommended treatment protocol for post-traumatic arthritis in temporomandibular joint. A. Maximal mouth opening (MMO, mm) over treatment days, where day "0" is the first visit at the clinic. The red dotted line represents 40 mm of mouth opening. B. MMO over treatment numbers. The x-axis is the number of patients' visits. The red dotted line represents 40 mm of mouth opening. Each dot represents one patient's visit and each identical figure represents one patient. C. Comparison of pre- and post-treatment MMO (left panel) and pain scale (right panel) between the two groups: lavage only group versus lavage with concomitant conservative therapy group. Bar graphs show average changes in MMO with standard errors. Changes in MMO and pain scales were compared between the two groups by Mann--Whitney test. (NS: not significant)](jkaoms-46-174-f5){#F5}
